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, Research has indicated that across the second to 

fifth grade range, there was evidence to suggest a difference between 
the oldest and youngest groups in the ajemOry representations which 
directed recall of logically related sentences. The developmental' 
trend was from what seemed to be an unstable and fragmentary memory 
rperesentation, ijhich included inconsistent and contradictory 
information, toward a more stable, unified, and internally consistent 
representation which embodied both expressed and inferred 
information. (Author/CK) 
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Logical Operations and Sentence liemory in Children * 
J. Richard Barclay and I^rylou- Reid 
University of Colorado 

Sorae psycholinguist ic theorists re^jard sentence comprehension as an* 
interpretive, analytic process, in uhich the listener analyzes the sentence 
linguistically and extracts sone or all of the inforiaation it contained^ 
(e.g., Clark, 1969; Katz L Fodor, 1963). nowever, a rapidly expanding body 
of research indicates that comprehension is instead a highly constructive 
process, in which semantic representations are constructed by assimilating 
sentential information to the listener's knowledge system (e-g,, Barclay, 1973; 
Bransford, Barclay, & Franks, 1972). The tern knowledge system' here refers 
to logical and other cognitive operations, ao well as to information stored as 
concepts, facts, and so forth. Because semantic representations are constructed 
through the interf^lay of sentential information and an active knowledge system, 
titese representations can embody more information than a sentence actually 
expressed. For example, the finished* semautic product often contains impli- 
cations or inferences derived from perceived sentences. 

To illustrate, consider an experiment by Barclay (1973). Adults were 
read a list of comparative* sentences such as TuE ARTIST IS TALLER TUAi^ TUL 
COVJBOY, TiiE FIREIiAil IS SliORTLR TliAli TiiE CO\/BOY, and so on. The putative task 
was to figure out the relative order of five uen in terms of height. In the 
surprise recall t^sk which followed, subjects recalled relatively few of the 
sentences actually presented. Instead, L.ost of their recall responses were 
inferences. Responses categorized as inferences v/cre either statements which 
were logically equivalent to presented sentences (a primitive sort of inference), 
or statements v/hich resulted from transitive reasoning. For example, if 



subjects had hcnrd Tlit; ARTIST IS TALLER TiiA.1 TliL COIJBOY and THE FIREIIiU IS 
."'iORTER THAi^ THE CO\/BOY as part of the list, they would erroneously remeraber 
having heard sentences like TliL COVrJOY IS ShORTLR TliAii TliE AIQ'IST, a logical 
equivalent, and ThL ARTIST IS TALLER TuAA Tuc. FIREiiAi^, a transitive inference 
Finally, it is important to note that the proportions of various types of 
recall responses were highly predictable under the assumption that subjects 
had stored just an abstract representation of the constructed linear array 
plus a cenc»ral sentence frame (*'The (x) is (taller/shorter) than the (y? 
Apparently, no more specific information about individual sentences had been 
stored. ^^^^ 

In the study just described, subjec^U^^rocessed a set of semantically 
related sentences, drew inferences from the inforraation they contained, in- 
tegrated all of the resultant information, and then stored a unified semantic 
entity v;hich later guided recall. Clearly, this process is rtalevaiit not only 
to considerations of psycholinguist ic theory, but also to typical learning 
; ituations involving linguistically transmitted information. 

The present research x^as an initial investigation of the extent to 
xiiich children perform sir.iilarly to adults in a situation approximating those 
used in Barclay ^s studies. Methodolo^.ical details will be presented below, 
but for now simply note that the present task required children to solve 
transitivity problems on the basis of a few brief ''clues" or premises. 
Following each solution, the subjects attempted to recall the clues, and thei 
recall data in turn were taken to indicate the nature of the constructed 
memory representations, 

A developmental invest if;at ton along these lines was considered worth- 
v/Iiile on the following grounds. On one hand, the construction of a holistic 
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ucnory representation which includes inferences could be an inherpnt compon- 
ent of linguistic procebsln^, such that the tendency for inferences to intrude 
in recall shows no developmental trend over a sufficiently wide af,e span. On 
the other hand, perhaps the younger children, who have recently acquired a 
given lo2;ical operation, are less liLeiy to spontaneously btorc inferences 
than arc the older children, who are aore practiced in the use of that 
operation. (A variation on this second thcue is that children just becoming 
familiar with an operation which is inheri^ntly necessary for constructing 
a holistic array are perhaps unable to perform such a construction verj' well. 
As the operation becoues easier to perform, or is used more widely, their 
ineuory representations could becorae more unified and stable.) Thus, the tendency 
for inferences to intrude in recall would increase v±th ape, rather than 
remain stable* These conflicting, views depict different sorts of irfemory 
representations: in the extreme, one representation embodies both expressed 
and inferred inforciation, and the other contains only expressed informtion. 
The present study v;as designed as an initial test of these two worl;in<' hypotheses. 

IIEThOD 

The subjects, all of roufhly equal and average intelligence, were dra^^m 
fron the second, third, fifth, and sixth grades of a pred'-^ninantly middle- 
class elementary school. Proportions of males and females were not balanced 
evenly either within or across ^.rades, but insi^ection of the data revealed 
no hint of sex differences. 

The experimental task included five transitive reasoning problems, set 
in the context of a detective game. Lach problem involved three items < 
ordered along a given dimension. For example, one probleti required subjects to 
deterraine v;hich of three men was the fastest runner. Three clues v/ere given. 



one of which was al* ays redr-iidant . In this case, the clues were: THE SAILOR 
IS SLOUER TliAi; ThE ..lUClAII; TUE LAI/YEU IS FASTER TII/MI TliE IIILKIIAaI; TliE liILKliAii 
IS FASTER TiiAtJ TEE SAILOR, These clues iierait a transitive inference, uhich 
could be stated either as THE SAILOR IS SLOlHiiR TUAiI TiiE LAIJYER or as TUL 
LAIJYER IS FASTER TUMI ThE SAlLuiU For each probicra, after the chxld had 
subnltted his solution, he was asleep to recall all of the clues. 

Adding the redundant clue permitted beuter syntactic coiinterbalancin^^ 
across the five problems, aiid holped to elicit raore data by addinf* an extra 
sentence to be recalled. 

RESULTS iu.'D Discussion 

In order to ensure that all subjqc*:s in tlie final analysis were capable 
of transitive reasonin;^, only tho:;c -'he ^2olvod at least four of the five 
problems were included. The sixth graders' behavior durinf^ the task indicated 
that their pcrforr.iance wa3 qu^^ilitaM'^ely different frou that of the younger 
subjects; consequently, the siicth jj^^ders' data were analyzed separately. 

Amonf, the second, thxrd, nnc' fifth ^radors, the proportion of subjects 
jtivinj; at' least one transitive inference curin<t recall remained consistently 
ttir.h:- .79, .79, and .94 respecuivoly. Ori this iieasure, the difference between 
the fifth grade iTS :ind the two younf;or i,jod^'>c nppirccched, * at did aot roach, 
statistical significance (prOi^orti^r.n test:, 2.70, p<.10). 

For finer analyses, the data \7ere fuithcr restricted to include only 
subjects who gave at least Ciie traiialtive inference in recall, leaving 15 
subjects at each grade. Only reci?.ll re:^pcnt;en follov/in^ correctly solved 
problems were examined. For ench subject, recall responses were divided 
into four categories: OLD*^, c>nntcncar actually presented as clues; EQUlVALEJTr 



sentences uhich were losically equivalent to the presented clues: TRAilSITIVLs , 
transitive inferences derived from the clues; and FALSE-i^ sentences which were 
false with respect to the order aiaong the three itens on a f^iven probieru For 
each subject, the proportions of his total responses falling into each of these 
catef^ories were tabulated, aiu^ the rcBultP are presented ir Table 1. 



Insert Table 1 about here 



A Grade by Sentence Type analysis of variance and appropriate post-hoc 
tests \/ere carried out on the proportions, with the followinf^ najor results. 
In general, evidence for a developr.iental increase in the tendency for inferences 
to intrude in recall is indirect but noittheless interesting,. The increase 
in the proportions of LQUIVALEilTs across s^^^^des was not significant, and the 
proportions of TUAilSITIVEs were nearly identical across f^rades. There was, 
however, one important difference between the second and fifth grade subjects: 
fifth Graders frave signif jcaiitly more EQUIVALEilTs and TRAiJSITIVEs than FALSEs 
(;)<.05); second -raders n^ve significantly fewer EQUlVALEJTs than either 
TSAiISITIVEs and FALSEc (p<.05), with the latter two being e<|ual. It is quite 

T i 

^ * possible that for the youngest subjects, responses scored as EQUIVALENTS and 
TRAilSITIVEs were actually just guesses, or in any event, not actually 

r ^'inferences*' as vie have categorized them, s-'nce they are at the sane pro- 
-^w^ portional level as FALSE responses. Along these lines, note that the pro- 

portion of FALSEs did decrease significantly fron second to fifth grade (p<.05)* 
Furthermore, exanining the data fror,: incorrectly solved proble ms shoijed that the 
recall responses of the fifth graders were usually internally consistent 
v/hile those of second graders v;ere quite often inconsistent and mutually 
contradictory. Thus, there is sufficient evidence to suggest that second 
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and fifth graders v;erc basing their recall on different sorts of memory 
rep resent at ions . 

As for the third j^raders, their scores did not differ sij^nif icant ly 
fron those of the second or fifth <;raders in any of the response catef>ories- 
Lowever, their perforcuince wa?^ closer to thnt of the older subjects in that 
they subniitted uore TPiuJSITIVEs thaii FALSLs (p<.05), suf;restin<T that re- 
sponscs classed as TRAllSITIVLs for the third c^^^^^^s were in fact inferences, 
and not just f:uesses. 

Finally, consider the results of the sixth evaders. IHiile those data 4 
appear to interupt the trends described for the youriner j^roups, it was clear 
that for these oldest subjects, the task was neither challcnninn nor even 
interesting* They solved the problems quite easily, and often commented 
spontaneously on be inn bored v;ith various aspects of the task. Only 
of those who solved the criterial nunber of problcns pave any transitive 
inferences in recall. '.Hien the data from all sixth f^raders v;ho reached the 
problcm-solvinc criterion uare examined, a surprisinj^ly hi^h nuKibcr of incon- 
sistent and contradictory recall responses v/cre found. In n^neral, their 
performance was simply sloppy and disinterested throufthout the task, ajid to 
compare their data statistically to the rest would be misleading. 

In summary, across the second co fifth c^^de range, there was evidence to 
suggest a difference betv;een the oldest and younj^est groups in the memory 
representations uhicli directed recall of lof,ically related sentences. The 
developmental trend was from what scer;ed to be an unstable and f racr^ientary 
memory representation, \;hich included inconsistent and contradictory information, 
toward a more stable, unified, and interoally consistent representation %^ich 
embodied both expressed and inferred infortiatioi*. 



Footnotes 
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Table 1 

Mean proportion of total responses i,n each recall cater,ory 



Recall Catecory 

Grade Old Equivalent Transitive 

2 .65 .06 -lA 

3 .69 .00 .15 

5 .71 .12 .12 

6 .70 .09 .U 



